INTRODUCTION

This paper presents a detailed description of the human carbon-14 respiration-pattern analyzer and discusses partially the presentation and analysis
of data obtained in a typical measurement.
INSTRUMENT DESIGN AND CALIBRATION
The C 14 respiration-pattern analyzer essentially coniste of three instruments operating together and the attendant flow system. These instruments êâ
(1) an ionization -chamber -vibrating -reed electrometer for C 14 analysis; (2) an infrared CO 2 -gas analyzer; and (3) a combination recorder.ratio analyzer. 
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Air from a tank of compressed air is passed through control valves, flow meter, and a cooling loop and into the helmet for the patient. Air is dr.wn from this helmet through a dryer to remove condensate, an ion trap to dischrt airborn statically-charged particles, through the ionization chamber, the CO analyzer, another flow meter, a flow control valve, and the vacuum pump.
Carbon$4 Analysis
The ionization-chamber.=.electrometer combination was designed for the beet sensitivity that could be combined with a reasonable gas displacement time 
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1 Fig. 3 . Sketch of the 21-liter ionization chamber in cut-away view. The chamber is cylindrical, 8 in. diam. x 26 in. long. All other dimensions are given in inches.
NOTES:
All material to be 18-8 stainless steeL All welds to be Heliarc using stainless steel rod and no flux. WeldThould be air-tight but need not be vacuumtight. Finish gasket surfaces and flange contact surfaces t!fH finish. Do not sandblast. i-ye 2 R-38 
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The CO2 analyzer must be standardized regularly and the hnearity of response checked. For this procedure, two tanks of compressed gas are required containing 1% and 3% CO2 -in-air, in addition to the pure air tank. These reference tanks of gas can be purchased from most suppliers of this type of material, but it is necessary to standarze them oneself. This is most easily accomplished by passing the gas through a short train of apparatus as follows: 
Calibration and Standardization, -The calibration of the CO 2 analyzer is accomplished using three tanks of air containing 0%, 1%, and 3% CO 2 . The instrument should be linear (within * 1 016) between 196 and 3 016 CO2 and should show a zero signal with 0 916 CO 2 in the analyzer. Otherwise the ratio-analyzer data cannot be reliable. Because the average patient will produce enough CO2 to give 1 to 210 CO2 in the 10 liters/min air it is usually convenient to adjust the CO 2 -anatyzer gain control so that 1% CO 2 equals 40016 of recorder scale, and 2 016 of CO 2 equals 800 16 of recorder scale for a given setting of the attenuation potentiometer (usually 50 or a scale of 100).
The calibration of the C' 4 analyzer requires two steps The first is repeated at two-week to one-month intervals. The second represents a permanent calibration of the ion chamber. In the first step, a precision potentiometer voltage source.* is connected to the vibratingreed electrometer head. Negative voltage is applied to the center electrode and the positive lead is connected to the feedback line.
With the turret switch in the open position, the electrometer on the 100-mv scale and the attenuation potentiometer set (usually 20 on a scale of 100), the system is aligned by means of the electrometer-calibration potentiometer. The linearity of the recorder-electrometer response should also be checked.
In order to calibrate the ion chamber a known amount of C' 4 in 2% CC 2 -in-air must be introduced, This could be done with a vacuum line0 If several calibrstions may be required it is easier to prepare a standard tank of C 140 2 in 2% CO2 -in-air. A commeitial compressed-air tank is evacuated on a vacuum line.
Enough BaC 14 O3 to give a desired specific activity is converted into CO 2 5 and drawn into the tank. The tank is then filled to one atmosphere with CO 2 from another cylinder and the pressure. is raised to 700 lbs/sq. in. with a tank of compressed air, Gas In this reference tank is allowed to mix and then analyzed for C 14 activity by filling previously calibrated ion chambers of known volume with the gas and recording the signal produced. This given signal may then be converted to sic/cc for the gas mixture. The specific activity of the gas we used was 1,86 x 10' pc/cc gas. Percent CO 2 may be determined by the method previously described for the standard CO 2 -in-air tanks. 
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Analis of the Data The recorder chart cøntains three curves pe rcent total C 14 per unit of time 0 and specific activity, i. e, the C 14/percent CO 21 We have analyzed these data as follows: The percent CO 2 curve is integrated with a polar planimeter (Appendix A) and calculated out to give average percent CO 2 which is corrected to a gravimetric rate figure: (ave. percent CO ? ) (flow rate in tile ra/min) (density CO 2 in mg/liter)mg OD2/rrt
The carbon-H curve Is integrated for 20.to 60-min intervals 0 and the cumulative excretion of C 4O2 curve 13 constructed. This Is calculated into unite of percent of the injected dose.
The specific activity curve is calculated into units of m.c of C 14/gram of carbon/given injected dose of C 14 . This curve is then transferred to semi log or other graph paper as needed for the analysis.
For studies where there is considerable variation in patient size 0 we may normalize the data to a 70 kg-man using the formula of Kleiber0 6 In this process the percent-CO 2 figure Is multiplied by the ratio (701W)°"75 where W 140 Is the patient's weight in kg The specific activity of the C 2 for a given size Injected dose Is divided by this factor0 The cumulative C 14 curve does not need to be normalized, 
